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 Many studies to date have demonstrated that approach and avoidance behaviors 
are processed asymmetrically in the brain and may be reflected in measures such as 
handedness.  The purpose of this study was to extend work in primates on this topic to 
Garnett’s bushbaby, a prosimian species.  Furthermore, to determine whether measures in 
addition to handedness relate to approach-avoidance behavior, lateralized differences in 
tympanic membrane temperature were assessed.  Cortisol measures were also obtained to  
determine whether it was related approach-avoidance behavior and handedness.  Eleven 
captive-born Garnett’s bushbabies (Otolemur garnettii) were evaluated for handedness 
and responsiveness to novelty.  Moreover, the bushbabies were exposed to a sociality 
paradigm in which tympanic membrane temperature and cortisol were tested before and 
after social interaction.  In line with a theory proposed by Davidson (1992), right-handed 
(left-hemisphere dominant) bushbabies were expected to show more approach behaviors 
and left-handed bushbabies more avoidance-related behavior in a novel-objects paradigm.  
In the sociality paradigm, patterns of prosocial and agonistic behaviors were expected to 
follow the same pattern, respectively.  It was further hypothesized that prosocial behavior 
would be associated with decreases in left ear temperature while decreases in right ear 
temperature were expected to be associated with agonistic behavior.  Regarding cortisol, 







handed and show higher levels of agonistic behavior.  None of the hypotheses implicating 
handedness or cortisol were supported.  However, increases in left-ear temperature were 
associated with grooming and approach.  The present study suggests the need for further 
consideration of models integrating the right hemisphere hypothesis with that of 
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Hemispheric specialization of the brain is a well-recognized phenomenon in many 
vertebrate and invertebrate species (summarized in Rogers, 2007).  The hemispheric 
asymmetry evident in physiological examination of the brain is accompanied by a variety 
of behavioral phenomena such as handedness, footedness, and eye preference 
(summarized in Hopkins, 2007).   
Lateralized behaviors have been studied throughout the Primate order, with a 
significant amount of attention paid to prosimians.  A recent review of prosimian 
laterality (Watson & Hanbury, 2007) highlights studies of multiple behavioral measures 
in the aye-aye (Daubentonia madagascariensis), indri (Indri indri), sifaka (Propithecus 
sp.), a variety of lemurs, and bushbabies.  Prosimians are thought to be similar to the 
most ancient forms of primate and, hence, have been regarded as a logical starting point 
for the study of laterality (MacNeilage, Studdert-Kennedy, & Lindblom, 1987).   
Many would argue that the most beneficial phenomena demonstrating 
hemispheric specialization in humans, and possibly nonhuman primates, are handedness 
and communicative abilities (Hopkins & Cantalupo, 2008).  In both humans and rhesus 
monkeys, the right hemisphere is involved in the recognition and production of facial 
expressions (Hauser, 1993).  The picture is less clear regarding auditory processing of 
conspecific vocalizations.  However, in vervet monkeys (Cercopithecus aethiops), the 
right hemisphere has been implicated in the processing of species-specific vocalizations 




conflicting studies have shown dominance for either the left hemisphere (Petersen et al., 
1984) or the right hemisphere (Lemasson et al., 2010) for processing species-relevant 
auditory stimuli. Gil-da-Costa and Hauser (2006) suggest that hemispheric dominance for 
the processing of species-specific vocalizations may be more “plastic” in nature, 
explaining the inconsistencies between species (p. 273). 
Approach-Avoidance Behavior 
 A vital function of communication is the ability to warn conspecifics regarding 
impending danger.  Thus, a hemispheric specialization related to communication would 
seem to need a counterpart that interprets such warnings in terms of approach-avoidance 
signals.  Approach-avoidance behaviors are adaptive for members of a species if they 
approach stimuli in their environment that promote survival and reproduction, and 
withdraw from those that threaten these goals (Greenberg & Haraway, 2002). 
 Schneirla’s (1959) theory on approach-withdrawal behavior discusses the impetus 
for the formation of approach and avoidance behaviors by means of early classical 
conditioning.  He argues that organisms (e.g., protozoa) possess a learned tendency to 
approach stimuli of low intensity and withdraw from those of high intensity (e.g., 
approach dimly lighted stimuli and withdraw from brighter stimuli).  He asserts that only 
in higher organisms, such as animals, may avoidance become a factor in what he terms 
“seeking” and “avoiding” behavior (p. 3).  Once this type of association is formed, at 
least in higher organisms, those capable of such reasoning may exhibit a conditioned 
approach to, or avoidance of, stimuli in a manner that is adaptive for that organism. 
Bushbabies exhibit a number of behaviors that serve to cue either approach or 




conspecific by either lowering their heads or stretching their arms outward toward the 
partner, signaling that it is safe for the partner to approach.  A successful social grooming 
attempt by males may also serve as a signal that a receptive female is ready to copulate 
(Ehrlich, 1977).  Preceding altercations, bushbabies often adopt an arched-back posture 
with ears pinned back (Ehrlich, 1977).  Conversely, they may face their conspecific and 
assume an upright posture with both hands raised.  Foot-rubbing (i.e., the scraping of the 
foot repeatedly against the ground or other substrate) serves as another signal that 
bushbabies employ as a warning to conspecifics (Becker, Watson, & Ward, 1999). Any 
of these avoidance cues may also be accompanied by vocalizations serving to reinforce 
the threat of aggression (Ehrlich, 1977). 
Whether these species-specific approach and avoidance behaviors are innate or 
learned is unclear.  Yerkes and Yerkes (1932) use the example of a chimpanzee which 
fears a snake to propose that avoidance behavior may be either innate, or, individually or 
socially learned.  In their experiment with captive chimpanzees, they subjected infants, 
juveniles, and adults to several stimuli, both animate and inanimate.  They were testing 
the hypothesis that avoidance behavior toward potentially harmful stimuli would increase 
with age. Although no statistical analyses were reported, they speculated that avoidance 
responses were indeed related to age, and that it is likely that avoidance responses were 
due to prior experience.  Thus, although the fear of harmful stimuli appears to be learned, 
animals have some hard-wired predisposition to form these associations. 
 Reaction to novel environments and stimuli are frequently used to study the 
approach-avoidance behavior in captive prosimians, including bushbabies (Becker et al., 




Ehrlich, 1972; Renner, Bennett, Ford, & Pierre, 1992; Rogers, Stafford, & Ward, 1993; 
Watson & Ward, 1996).  In such studies of exploratory behavior, items such as 
televisions, balls, chains, mirrors, live animals, and dead insects have comprised the 
novel objects.  Bushbabies (Otolemur garnettii) frequently interact with novel objects 
either by manipulation or by visually analyzing the stimuli.  The degree to which they 
attend to novelty, however, varies by individual.  Nevertheless, Jaenicke and Ehrlich 
(1972) found that, contrary to previous reports indicating that bushbabies are 
“indifferent,” bushbabies tend to be “highly responsive to novelty” (p. 102) when the 
novel stimuli possess characteristics that are inherently of interest to the species, such as 
live prey.  They found that inanimate stimuli (e.g., toys) were of less interest to the 
subjects than animate stimuli (e.g., televisions).  They argue that bushbabies are capable 
of escape from dangerous situations quickly, and thus are better suited than other 
prosimian species to investigate novel stimuli in their environment.  Moreover, exposing 
primates to novelty is an effective means to investigate approach and avoidance behavior 
in nonhuman primates (Fairbanks, 2001).   
Asymmetry and Approach-Avoidance Behavior 
Davidson (1992) summarizes a breadth of research in humans which indicates 
that positive and negative affect correspond to greater hemispheric activation in the left 
and right anterior frontal lobes, respectively.  Humans with a greater baseline activation 
of the right anterior frontal lobe show higher reactivity to stimuli that evoke responses of 
“disgust” than those with greater baseline activation in the left frontal lobe, who show 
greater activation in response to stimuli producing “happiness and amusement” (p. 40).  




anterior frontal lobes has been demonstrated as early as one year of age human infants 
(Davidson, 1992).  
Many studies of both humans and nonhuman primates have incorporated tasks 
which assess temperament traits which Jones and Gosling (2008) propose are descriptors 
of approach-avoidance behaviors.  Avoidance behavior, they argue, can be described 
using terms such as “neophobia” and “curiosity/fearfulness” (p. 174).  Traits used to 
describe approach behavior include “exploratory behavior,” “novelty-seeking,” “risk-
taking behavior,” and “boldness” (p. 174).  Moreover, they mention several paradigms in 
which approach-avoidance behaviors have been measured, including the use of novel 
objects or stimuli, open-field behavior, and predator encounters.  In humans, right 
hemispheric dominance is related to cautiousness in problem solving using the Tower of 
Hanoi task (Wright, Hardie, & Rodway, 2004).  Left-handed participants were slower to 
make the first move in the task; right-handed individuals completed the task significantly 
faster, but made more errors than left-handed participants.  This supports the notion that 
left-handedness as an indicator of (right) hemispheric dominance is related to a more 
cautious temperament. 
Further evidence for Davidson’s (1992) hypothesis comes from chimpanzees 
(Pan).  Right-handed chimpanzees were faster to approach and touch novel objects than 
left-handed subjects (Hopkins & Bennett, 1994).  Moreover, the strength of handedness 
correlated with latency to touch novel objects such that the more strongly left-handed the 
subjects were, the longer the latency period to make contact with the objects.  In contrast, 
the more strongly right-handed the subjects were, the shorter their latency.  They suggest 




hemispheric specialization for avoidance behaviors.  Right-handed male macaques 
(Macaca mulatta) are less frequently the recipients of aggression than are left-handed 
subjects.  Moreover, right-handed subjects engaged in social interactions more often than 
left-handed macaques (Westergaard et al., 2003).  The relation among these behaviors 
was reversed, however, for females (Westergaard et al., 2004).  But for the latter study, 
these findings in primates are in line with the approach-avoidance theory of hemispheric 
asymmetry proposed by Davidson (1992). Similar patterns of associations between 
hemispheric specialization and approach-avoidance behaviors have been found in 
marmosets (Callithrix jacchus; Cameron & Rogers, 1999; Gordon & Rogers, 2010; 
Rogers, 1999; Callithrix geoffroyi; Braccini & Caine, 2009); however, in prosimian 
bushbabies (O. garnettii), left-handed bushbabies showed more exploratory behavior than 
right-handed bushbabies, though factors such as age and activity level may have 
mitigated the relationship (Watson & Ward, 1996). 
Asymmetry of tympanic membrane temperature (TMT) in humans corresponds to 
aspects of temperament (Boyce et al., 2002).  In children, a warmer left and cooler right 
TMT is associated with social competence and positive affect.  Moreover, a warmer right 
and cooler left TMT are associated with fear, anger, and shyness.  Some evidence also 
suggests that warmer bilateral TMT’s are associated with negative affectivity and 
behavior while relatively cooler bilateral TMT’s are associated with positive affectivity 
and behavior.  Differences in TMT may indicate differential arterial blood flow related to 
cortical activity.  If these temperature asymmetries reflect differential cortical activity, 
then these results align with Davidson’s (1992) model of differential processing of 




TMT is a reliable, cost-effective and non-invasive alternative to imaging 
techniques such as fMRI and PET for studying lateralized activity within the brain 
(Helton, Kern, & Walker, 2009).  Helton (2010) reminds us to interpret TMT findings 
carefully.  Changes in TMT reflect increased local blood flow related to increased 
cortical activity.  When making within-subjects TMT comparisons (e.g., a person’s left 
ear temperature before and after presentation of an emotional stimulus), one is concerned 
with the change in TMT associated with the emotional event.  The immediate result is a 
decrease in TMT from baseline, as the increase in local blood flow corresponding to the 
increase in activation is cooler than the brain tissue through which it flows.  In general, 
however, cortical activity is positively correlated with brain temperature.  When 
comparing left ear TMT between two individuals, the individual with the warmer left ear 
has the higher degree of cortical activity in the left hemisphere. In such between-subjects 
comparisons, we are concerned not with changes due to temporary emotional states, but 
with stable trait-like differences occurring between individuals.  If an individual has on 
average a more active left hemisphere, then that individual will have a warmer left 
hemisphere, as there is a more considerable buildup of residual heat from regular 
activation than is present in an individual with a less active left hemisphere.  Thus, in 
studies examining the effects of personality traits on TMT, increased activation of the 
hemispheres are reflected by increased TMT.  In contrast, decreases in TMT reflect 
increased cerebral activation in studies of the effects of emotional stimuli (Sukstanskii & 
Yablonskiy, 2006). 
During capture and restraint procedures, marmosets (Callithrix penicillata) that 




than marmosets with fewer capture experiences (Tomaz et al., 2003).  No differences 
were found in left ear TMT.  If we assume, as Tomaz et al. do, that repeated capture and 
restraint experiences sensitize the animals and thereby increase stress, these data support 
the hypothesis that the right hemisphere is implicated in the processing of stressful 
events.  However, the alternative hypothesis, i.e., experience habituated the animals, 
cannot be discounted.  Chimpanzees (Pan troglodytes) show an elevated right TMT in 
response to negative emotional stressors compared to baseline measurements (Parr & 
Hopkins, 2000).  The relationship between TMT and stressful situations is also 
demonstrated by the finding that, in domestic cats, cortisol levels are associated with 
TMT in the right ear.  In response to relocation stress, domestic cats with high cortisol 
had a warmer right TMT than did cats with low cortisol, though no differences in left 
TMT were found between cats with high or low cortisol (Mazzotti & Boere, 2009). 
Kalin, Shelton, Davidson, and Kelley (2001) proposed that, in rhesus monkeys, 
the prefrontal cortex is primarily involved in mediating anxious behaviors, particularly in 
the right hemisphere. This would be consistent with relationships in primates between 
left-handedness and avoidance behaviors.  However, not all studies have shown the 
pattern of lateral bias congruent with Davidson’s (1992) model of approach-avoidance 
behaviors (e.g., Westergaard et al., 2004).  The opposite relationship for the activation of 
cerebral hemispheres has also been demonstrated such that approach-related cues 
triggered greater right-hemispheric activation, while avoidance-related cues produced 
greater left-hemispheric activation (Friedman & Förster, 2005).  Koch, Holland, and van 
Knippenberg (2009) argue that the differences between the studies cited by Davidson 




right-hand/avoidance asymmetry examined stimuli that were “concrete” and “well-
defined” and relate more directly to approach-avoidance behaviors (p. 588). On the other 
hand, studies showing the opposite pattern of asymmetry tend to use more subjective 
stimuli with less emotional valence attached.  Koch et al. (2009) exposed human 
participants to a forced-choice task in which the participants were asked to view sets of 
two unfamiliar Chinese characters presented on the left-or right-hand side of the 
computer screen and to determine whether the character indicated a positive or negative 
connotation.  They posited that, since the cues were unlikely to hold any concrete 
affective value, the task would tap into the participants’ “diffuse affective states” (p. 
589).  They hypothesized that stimuli on the right-hand side of the screen would be 
associated with “diffuse positive affect,” and the left-hand side with “diffuse negative 
affect” (p. 590).  The results of their study supported their hypotheses, suggesting that 
stimuli with less concrete affective value are processed differently than approach-
avoidance motivations.   
Yet another theory implicates primarily one hemisphere in the processing of 
emotional stimuli. The right hemisphere theory holds that the right hemisphere is 
dominant in the processing and expression of all emotional responses regardless of 
whether they are positive or negative in nature (Borod, Haywood, & Koff, 1997).  
Lateralized self-directed behavior in chimpanzees in response to arousing stimuli is 
suggestive of predominantly right-hemispheric activation (Hopkins et al., 2006). 
Chimpanzees also tend to produce emotional facial expression (both positive and 
negative) asymmetrically to the left side of the face (Fernández-Carriba, Loeches, 




producing emotional facial expressions.  This asymmetry has been demonstrated in both 
humans and monkeys (Hauser, 1993). 
Killgore and Yurgelun-Todd (2007) argue that there is evidence both for the right 
hemisphere hypothesis and for valence theory working simultaneously.  They found that 
although the posterior right hemisphere is largely involved in processing of faces with 
both positive and negative valence, it is largely active when processing stimuli with a 
negative valence.  However, when stimuli were presented to the right visual field, the 
posterior left hemisphere recruited bilateral anterior cortical regions differentially based 
upon the emotional valence of the stimuli.  However, they found the opposite pattern of 
processing of what was found by Davidson (1992). 
 Although there are multiple theories to explain hemispheric control over 
approach-avoidance behavior, such directional asymmetries may differ depending upon 
the individual. Schiffer et al. (2007) assert that there is scant evidence supporting the 
latter theories and put forth findings that suggest hemispheric specialization for affective 
stimuli may differ by individual.  They posit that many individuals possess a left-
hemispheric specialization for stimuli relating to negative emotional experiences.  This is 
in opposition to the Davidson (1992) theory and to the theory that the right hemisphere is 
dominant in all aspects of emotional processing.  Marmosets (C. jacchus) tend to use the 
right eye for viewing novel, non-threatening stimuli, but show ambi-preference in 
viewing threatening stimuli (Hook-Costigan, 1999).  These findings contrast those in 
bushbabies (O. garnettii) which show a left-eye preference for viewing novel stimuli and 
ambi-preference for viewing arousing stimuli (Rogers, Ward, & Stafford, 1994). De 




mangabeys for viewing foods that ranged from low to high palatability.  The more 
palatable the food was, the more strongly lateralized the mangabeys’ eye preferences and 
the more the subjects tended to use their left eye.  The type of food, however, did not 
change the direction of the lateral bias.  This suggests stimuli that are more arousing lead 
to stronger displays of eye dominance. Moreover, the study provides support for 
Davidson’s hypothesis that the left hemisphere is involved greater in positive emotions.  
Laterality, Approach-Avoidance, and Cortisol 
In a longitudinal study of capuchin monkeys (Cebus apella) from birth to six 
years of age, Byrne and Suomi (2002) found that cortisol reactivity tended to be lower in 
animals that were more “socially adept” (p. 152).  These animals were also rated as high 
on dimensions such as “Confident, Curious, [and] Strong” (p. 152). Conversely, animals 
with higher cortisol reactivity tended to play with others less than with themselves and 
tended to be characterized as “Apprehensive, Fearful, [and] Insecure” (p. 139). 
In another longitudinal study, at one year of age, juvenile rhesus monkeys with 
significant asymmetric right hemispheric prefrontal activation had consistently elevated 
cortisol, and that cortisol was also related to stress-induced barking and hostile behaviors 
(Kalin, Larson, Shelton, & Davidson, 1998).  When the subjects had their cortisol 
retested at three years of age, macaques with significant right hemispheric activation still 
had substantially higher cortisol than those with significant left hemispheric activation.  
Although there appears to be a relationship between right hemispheric prefrontal 
activation, cortisol, and stress-related behaviors, studies linking left-handedness to higher 




monkeys tend to show higher levels of plasma cortisol than left-handed monkeys in 
response to stress (Westergaard, Lussier, Suomi, & Higley, 2001). 
Westergaard et al. (2004) found a positive association between increased use of 
the right hand and cortisol levels which was also positively correlated with being the 
recipient of aggression and with submissive behaviors in female macaques. The majority 
of the subjects in this study, however, had no hand preference (63%).  Although they 
found the same relationship between right hand use and cortisol in males (Westergaard et 
al., 2003), right-handedness was inversely related to submissiveness and received 
aggression.  Again, only 55% of the subjects were lateralized.  Lack of reliable 
information about lateralized behaviors may have prevented a more concrete pattern from 
emerging.  Thus, it is unclear whether a relationship exists between handedness, other 


















 Garnett’s bushbaby (O. garnettii) is the species of interest in this study.  
Bushbabies are an arboreal, nocturnal prosimian species native to southeastern Africa 
(Rowe, 1996). O. garnettii tend to be semi-solitary in the wild (Rowe, 1996) and are 
female-dominant (Hager & Welker, 2001).  They communicate primarily through 
vocalizations and scent-marking, behaviors that can convey information both in close 
proximity and from far away.  Bushbabies are capable of conspecific recognition on these 
bases alone (Clark, 1988).  Scent-marking is also used as a means to decrease stress in 
unfamiliar environments and to maintain current, and claim new territory (Watson, Ward, 
Davis, & Stavisky, 1999). 
Bushbabies are capable of species recognition on the basis of visual cues, but are 
unable to recognize themselves in the mirror and respond as if the reflection is a 
conspecific (Becker et al., 1999).  The behaviors often exhibited in response to the 
mirror-images included a species-typical bipedal threat-posture and scent-marking, 
showing both to be important tools in the communicative repertoire of the bushbaby.  
Another type of behavior, such as play, is often seen in infant bushbabies (Price, Becker, 
& Ward, 1999).  This behavior occurs infrequently in adulthood, although it has been 
observed between pair-housed, opposite-sex conspecifics (pers. observation). 
Temperament 
Because of the inherent limitations of studying nocturnal, semi-solitary species in 




captivity are crucial.  Watson and Ward (1996) placed bushbabies in a novel open field 
environment with unfamiliar objects and measured overall activity, latency to enter and 
exit the open field, and interactions with the objects.  Using a factor analysis, they were 
able to extract four temperament traits (i.e., “boldness,” “activity,” “curiosity,” and 
“escape;” p. 380).  The authors formed composite profiles based on these dimensions that 
distinguished among individual bushbabies. 
Such data on individual differences are useful for a variety of reasons such as 
individualizing environmental enrichment interventions.  Based on bushbabies’ derived 
scores on a personality inventory, Highfill (2008) used a variation of the Five Factor 
model (Goldberg, 1993) of personality in humans to rate bushbabies on each of the five 
scales (Openness, Conscientiousness, Agreeableness, Extraversion, and Neuroticism) 
based on the behavior of the subjects and on personality ratings completed by laboratory 
technicians who interacted with the animals on a daily basis.  Subjects were exposed to a 
variety of enrichment paradigms as well as social interaction procedures which she used 
to make a composite characterization of the bushbabies’ personality on each dimension of 
the Five Factor model, scoring bushbabies as either “low” or “high” on each dimension. 
The dimensions of the Five Factor model were effectively paired with the appropriate 
environmental enrichment interventions to reduce levels of stereotypy in animals scoring 
high on a given dimension.  Hence, there are underlying individual differences in the 








 Laterality in prosimian species has been less well-studied in comparison to apes.  
However, O. garnettii have been studied in several laterality experiments, especially 
those investigating handedness.  Milliken, Stafford, Dodson, Pinger, and Ward (1991) 
found differences in the direction of laterality that depended on either age and or sex 
during feeding in O. garnettii.  Specifically, adult females tended to show strong right-
hand biases while adult males showed left-hand biases.  The strength of lateralized hand-
use was weaker in juveniles, suggesting that handedness is strengthened with age. 
 Hanbury, Edens, Bunch, Legg, and Watson (2010) studied multiple lateralized 
behaviors in a sample of O. garnettii including hand-reaching for food and reaching for 
prey, turning bias, leading limb in locomotion, tail-wrapping bias, scent-marking bias, 
and side-of-mouth use.  Although they did not find the relationships with age and sex that 
were found by Milliken et al. (1991), bushbabies were lateralized on a majority of these 
behaviors, and researchers concluded that, although tasks involving the use of the hands 
were the most strongly lateralized, no consistent patterns emerged at the group level to 
suggest that laterality in these behaviors were indicative of a single motoric system.  In 
fact, they proposed that multiple independent motoric systems within the subjects work 
either alone or in tandem to produce lateralized behavior. 
 Although Hanbury et al. (2010) did not examine eye preference, Cantalupo and 
Ward (2000) found that bushbabies tended to have an eye preference of the same side of 
the body as their hand-use bias.  As both hand usage and visual processing require 
primarily the contralateral hemisphere of the brain, this provides evidence that both 




Cortisol and Stress 
 In bushbabies, increases in cortisol are associated with stressful events.  Higher 
rates of cortisol are present in animals exhibiting self-injurious behavior (SIB) relative to 
non-SIB bushbabies (Watson, McCoy, Fontenot, Hanbury, & Ward, 2009). Watson, 
McCoy, Stavisky, Greer, and Hanbury (2005) measured cortisol reactivity to relocation 
stress when animals were moved to another housing location.  Bushbabies showed a 
significant increase in fecal cortisol levels for the day of relocation compared to baseline 
and seven days post-relocation.  However, bushbabies that utilize certain stress-related 
coping mechanisms such as scent-marking often show low baseline cortisol levels as well 
as reduced cortisol reactivity to stressors (Watson et al., 1999).  Thus, it is important to 
augment physiological measures of stress with behavioral measures. 
The relationship between cortisol and TMT has also been investigated.  Right-ear 
TMT was lower in cats that had lower cortisol.  Such an effect for TMT was not observed 
in cats with higher cortisol reactivity.  Thus, asymmetry in TMT may be related to 
cortisol levels in bushbabies as well. 
Present Study 
 To date, the relation between laterality and approach-avoidance behavior has not 
been well-characterized in either O. garnettii or any other prosimian primate.  The 
present study seeks to partially fill this void by examining the relations between laterality 
and approach-avoidance behavior in bushbabies. 
 Subsequent to handedness testing, bushbabies were exposed to two behavioral 
paradigms designed to assess approach-avoidance tendencies.  In the novel objects 




objects with which they could interact.  In addition to behaviors such as latency to 
interact with novel objects and stereotypy, approach (e.g., time spent interacting with 
novel objects, time in proximity to novel objects) and avoidant behaviors (e.g., time spent 
away from novel objects, lunging toward and attacking novel objects) were recorded.  In 
the sociality paradigm, various prosocial (i.e., allogrooming, approach, play) and 
agonistic behaviors (i.e., attacking, pursuing, threatening, displacing, foot-rubbing, and 
fighting) were recorded.  In addition to these behaviors, urinary cortisol and TMT were 
obtained both before and subsequent to social interactions to serve as physiological 
indices of approach-avoidance tendencies. 
Although there is little consensus on how the hemispheres of the brain process 
stimuli of positive or negative valence, much of the literature in nonhuman primates 
suggests that there is greater left-hemisphere involvement in approach-related behaviors 
and greater right-hemisphere involvement in avoidance-related behaviors (Braccini & 
Caine, 2009; Cameron & Rogers, 1999; Gordon & Rogers, 2010; Hopkins & Bennett, 
1994; Kalin et al., 1998; Rogers, 1999).  Based on these relationships, the following 
hypotheses were generated: 
H1: Bushbabies right-handed for simple reaching (i.e., left-hemisphere dominant) 
will show more prosocial behaviors in the sociality phase of the experiment, while 
left-handed bushbabies will show more agonistic and stereotypic behaviors.   
H2a: The frequency of exhibited and received approaches and duration of 
exhibited and received allogrooming behaviors will be negatively associated with 




H2b: The frequency of receiving or initiating agonistic behaviors and duration of 
stereotypy will be negatively associated with right TMT difference scores. 
H3: Number of agonistic behaviors will be associated with left-handedness and 
higher levels of cortisol relative to right-handed bushbabies.  
H4: Left-handed bushbabies will show significant increases in cortisol subsequent 
to social interaction compared to baseline. 
H5: TMT difference scores (post-sociality – baseline) for the right ear will be 
negatively correlated with cortisol difference scores.  
H6: In the novel objects paradigm, right-handed bushbabies will more quickly 
leave the start box, will spend more time in the novel sector, and will interact 
sooner and for longer periods of time with the novel objects than will left-handed 


















 Eleven captive-born O. garnettii (six male, five female, ages 4-17) housed at The 
University of Southern Mississippi were used in this study.  Subject demographics are 
presented in Table 1.  The bushbabies were maintained on a reverse 12:12hr light cycle 
with white lights from 2000-0800 hrs.  During the active phase (0800-2000), dim red 
light was used to facilitate data collection.  Subjects were single-housed in home cages 
measuring (152.4 cm. h. x 106.68 cm. d. x 76.2 cm. w.) and fed high protein monkey 
chow (#5045, Purina, St. Louis, MO) once daily with water available ad libitum.  This 
study was approved by The University of Southern Mississippi’s Institutional Animal 














Brandine 4 Fred 12 
 
Marie 17 Heath 10 
 
Piper 8 Joey 4 
 
Sam 12 Kujo 10 
 











Materials, Apparatus, and Test Environments 
All procedures were video-recorded using a Sony hard disk camcorder (model # 
DCR-SR42).  Data were analyzed using SPSS 15.0. 
Handedness 
Following Hanbury et al. (2010), a piece of fruit-flavored cereal was placed in a 
small food cup (5.02 cm. d. X 10.24 cm. w. X 7.68 cm. l.) affixed to the side of the 
testing cage (86 cm. w. X 86 cm. d. X 166 cm. l.).   
Sociality Paradigm 
Sociality measures were conducted in an artificial open field (106.68 cm. w. X 
106.68 cm. d. X 152.4 cm. h.) comprised of stainless steel framing, mesh wire walls 
covered in plastic vinyl, and a plexiglass ceiling.  Attached was a removable mesh-wire 
start box (40.64 cm x 30.48 cm x 27.94 cm). 
Tympanic Membrane Temperature 
TMT was taken via a Braun Thermoscan ear thermometer (Cologne, Germany) 
which takes the warmest of eight readings per measure to ensure accuracy (Tomaz et al., 
2003). 
Urinary Cortisol 
Urine was obtained for the purposes of cortisol assay by placing the bushbabies in 
a mesh wire cage (76.2 cm. w. X 106.68 cm. d. X 117.4 cm. h.; see Figure 1) with an 
aluminum waste tray located beneath the floor of the cage.  The top of the waste tray was 
protected by wire screening to prevent any fecal matter from entering the containment 




tray for ease of sanitation.  Urine samples were placed in Vacutainer vials and frozen 
until shipment for assay.   
 
Figure 1.  Diagram of urine containment cage.  Subjects were placed in the apparatus 
before testing and subsequent to social interaction to allow the collection of urine. 
 
Novel Objects Paradigm 
Novel objects data were collected in an artificial open-field identical in size and 
design to that of the apparatus used during the sociality condition (see Figure 2).  During 
this time, the subjects were given the opportunity to interact with several novel objects 
including a “Plasma Ball” with pink and blue lights (Glow Industries, Inc., Perrysburg, 
OH), a small “EnviraScape” fountain (Homedics) with rocks, and a glow-in-the-dark ball 
(Sergeant’s, Omaha, NE).  A television monitor was also displayed from outside of the 
open-field which played a nature video (“Video Catnip”) showing birds and squirrels (Pet 













Figure 2.  Diagram of open-field apparatus.  The open field contained four novel objects 




Ten of the 11 subjects in the present study had already been tested for 
handedness.  Those subjects were retested for reliability 50 times from a quadrupedal 
posture.  The previously untested subject was assessed for handedness in simple reaching 
from a quadrupedal posture in a manner similar to that of Hanbury et al. (2010).  Subjects 
were given 50 presentations from three postures (quadrupedal, bipedal, and while 
clinging to the cage wall) of a “Froot-Loop” in a treat cup affixed to the outside of the 
testing cage.  Each reaching trial began when the subject was facing the treat cup in a 
quadrupedal posture.  The first reach made in each trial was recorded regardless of 
whether it was successful.  Binomial z-scores were computed for each posture and were 













In the social interaction phase, each female was randomly assigned to a series of 
five dyads, each with a different male for one of five total hourly sessions, with one 
session occurring per animal per day.  As the bushbabies were already familiar with the 
open field, no habituation period was necessary.  The open-field was sanitized after each 
session, with one session being conducted daily between 0800 and 1030 hrs.  To prevent 
systematic bias in cortisol measures, the animals were tested at the same time each day ± 
1 hr. 
Subjects were housed alone prior to testing and were removed from their home 
cage and placed in a urine containment cage for a period of 90 min.  Subsequently, the 
subjects were transported to a start box affixed to the side of the open-field.  After the 
guillotine door was raised, the bushbabies were given 10 sec. to leave the start box before 
being placed in the open-field by the experimenter. 
The frequency of approach and duration of allogrooming behaviors were 
recorded, as well as frequency of agonistic interactions occurring in the dyad.  For each 
agonistic interaction, the instigator and recipient (if applicable) of each occurrence were 
noted.  As displacement activities such as stereotypy can be indicators of emotional state 
(Maestripieri, Schino, Aureli, & Troisi, 1992), stereotypy was recorded and was 
measured as duration of bouts. A bout was defined as no less than 1 sec. in duration, with 
no less than 3 sec. separating each bout.  A summary of these behaviors is presented in 
Table 2, and a more detailed coding protocol is outlined in Appendix A. 
At the end of the social interaction phase, the guillotine door was raised to allow 




urine containment cage where they were kept for a period of 60 min.  Subsequently, they 
were transported to their home cages by the experimenter. 
Tympanic Membrane Temperature 
Pilot testing.  As the bushbabies were not accustomed to the TMT procedure, it 
was necessary to determine whether they were physiologically reactive to the measure 
prior to the testing phase.  In order to assess the effects of capture and restraint on TMT, 
TMT was recorded for eight subjects across two conditions—one in which there was 
reinforcement given (a piece of banana and lessening of restraint) for cooperating with 
experimenters, and one condition in which no type of reinforcement was given.  The 
order of the conditions was randomly determined and counterbalanced.  A set of 
measurements was taken approximately every two minutes for a total of six sets in each 
condition. 
Testing phase.  To ensure that activity levels in the open field did not confound 
TMT comparisons, prior to the start of the social interaction phase each bushbaby was 
placed in the open field alone for a period of 30 min. Subsequently, TMT readings were 
taken for each ear (Tomaz et al., 2003) as a baseline measure.  Immediately after the 
social interaction phase, subjects’ TMT readings were repeated to determine whether 
TMT changed as a function of the types of interactions that took place.  It was of 
particular interest to compare TMT readings with cortisol values.  Because it was 
uncertain whether the bushbabies would yield a urine sample on each testing day, TMT 
readings were conducted on the earliest day of the phase (Day 1 or Day 2) in which a 





Cortisol Sampling   
To obtain an accurate baseline cortisol reading, urine is generally collected from 
the animal’s first void of the day (Kurien, Everds, & Scofield, 2004).  Thus, baseline 
urine samples for cortisol analysis were collected in the morning prior to the social 
interaction phase after placing subjects in the urine containment cage for a period of 90 
min.  An attempt was made to collect a second sample within 60 min. after the test trial to 
capture cortisol reactivity in response to the social interaction.  In marmosets, maximal 
levels of urinary cortisol are present one hour subsequent to the presentation of a stressor 
(Dettling, Feldon, & Pryce, 2002).  A minimum of 1 cc urine voided within one hour of 
being placed in the urine containment cage was placed in a sterile vial and frozen to -20 
°C.  To minimize the risk of cross-contamination of urine by feces, the bushbabies were 
monitored while in the cage and any feces excreted were immediately removed.  Samples 
were sent overnight on dry ice to the Tifton Veterinary Diagnostic and Investigational 
Laboratory (Tifton, GA), and a cortisol chemoluminescence assay was performed using 
an Advia Centaur PC (Siemens Healthcare Diagnostics). 
Novel Objects Paradigm 
In the open-field condition, the subjects were tested individually in the same 
apparatus as in the social interaction procedure. However, in this condition, the open-
field contained four novel stimuli.  Behaviors that were recorded are listed in Table 3 and 
a diagram of the open-field is depicted in Figure 2.  The bushbabies did not receive a 
habituation period as they were already familiar with the open-field.  Each subject was 
transported to the open-field and placed in the start box.  Once the door was raised, the 




the start box.  Once the bushbaby entered the open-field, the guillotine door was lowered 
and the subject was given a period of 10 min. to explore the environment.  After 10 min. 
had elapsed, the guillotine door was raised and the subject permitted to re-enter the start 
box.  If the bushbaby did not return to the start box within 30 sec. of the guillotine door 
being raised, the subject was removed from the open-field by the experimenter and 
returned to its home cage.  The protocol for coding these behaviors is described in 
Appendix B. 
Table 2 














    





Unreciprocated biting, attempted/actual arm or hand 
contact 
 
Fight Mutual biting, arm or hand contact 
Pursuit Chasing of the partner with or without vocalizations 
ending in an attack, threat, or fight 
 
 Foot-rubbing Scraping the foot on the ground while facing conspecific 




A bushbaby moves away from the conspecific as a result 





Table 2 (continued) 
 
Table 3 










Latency to enter open field 
 
Entire torso crosses into the open-field (sec.) 
 
Latency to cross quarter line  
 
Entire torso touches or crosses the quarter-line (sec.) 
 
Latency to inspect 
 
 
Nose is within a head length of object (two body-lengths 





















Moving to within one body length of partner in the 
absence of an attack, displacement, fight or pursuit 
 





Social play, including wrestling, without vocalizations; 
neither animal moves more than a body-length away 
 
Stereotypic  (Hanbury et al., 2009) 


















Foot-rubbing, body-rubbing, urine-washing, ano-genital  
rubbing, and chest-rubbing 
 
Jump Leaping with both hands off the ground before landing 
 




Raising of both hands above the body directed at an object  
in the open field (within a body length) 
 
Investigative  
Time behind/past quarter- 
  line  
 
Time (sec.) spent with entire torso behind quarter line or  
past quarter-line (in sector with novel objects) 
 
Time investigating objects  
 
 
Time (sec.) spent in contact with, or facing the object  










 Prior to performing statistical tests, descriptive analyses were conducted and 
bivariate scatterplots generated for all variables to assess normality and homoscedasticity. 
Handedness 
Hand reach data for each individual were converted to binomial z-scores to 
classify the bushbabies as left-, right-, or ambi-preferent, with z > 1.96 indicating left-




indicating ambi-preference, p = .05.  All analyses involving hand-preference as a 
between-subjects variable employed independent-samples t-tests. 
Sociality Paradigm 
Independent-samples t-tests were conducted for each category of behaviors with 
hand preference (left, right) as the between-subjects variable.  Independent-samples t-
tests were also used to test the effects of sex where appropriate. 
Tympanic Membrane Temperature 
Pilot testing.  A 2 (left ear, right ear) x 2 (reinforcement, no reinforcement) x 6 
(time) RMANCOVA was conducted with Bonferroni corrections for multiple 
comparisons.  Age was used as a covariate to control for the possible differences in 
metabolic rates between young and old bushbabies. 
Testing phase.  To control for individual differences in baseline TMT and to 
determine whether there were changes in TMT from baseline, difference scores were 
calculated by subtracting baseline TMT from post-sociality TMT for each ear.  Pearson’s 
correlations were conducted with the difference scores of each ear and duration of 
allogrooming and received allogrooming, frequency of approaching or being approached, 
frequency of initiated and received agonistic behaviors, and cortisol. Independent-
samples t-tests were used to test the effects of sex and handedness on temperature 
difference scores. 
Cortisol 
Cortisol values were converted to difference scores (post-sociality – baseline) and 
the relation with handedness was analyzed using independent-samples t-tests.  Pearson’s 




scores for each ear, as well as the time spent engaged in prosocial behavior, and time of 
initiated and received agonistic behaviors.  A Pearson’s correlation was used to test the 
relationship between cortisol and age, and an independent-samples t-test evaluated the 
effects of sex.   
Novel Objects Paradigm 
Effects of hand preference were evaluated in this paradigm using independent-
samples t-tests.  Age group and sex were examined using a two-factor ANOVA with age 





















Prior to performing inferential statistics, a graphical behavioral composite 
containing all major variables was created for each animal, and these graphs are 
presented in Appendix C. 
Interrater Reliability 
 For the handedness procedure, behavior was live-coded by two observers.  In the 
event of disagreement on a given reach, the datum was discarded and the trial repeated.  
For the novelty and sociality paradigms interrater reliability was assessed by randomly 
selecting 20% of the video-recorded data to be coded by an independent observer.  The 
degree of concordance exceeded r = .95 for both the novelty and sociality phases.   
Handedness 
 All 10 subjects tested by Hanbury et al. (2010) and used in this study maintained 
their previous hand preferences.  These data are presented in Table 4. 
Sociality Paradigm 
Sociality Behaviors by Analysis 
 The data for this paradigm are presented in Table 5.  Frequency counts were 
deemed most appropriate for approach and agonistic behaviors because these behaviors 
occur repeatedly in short bouts.  Allogrooming, however, was maintained for longer 
periods of time and, therefore, information regarding duration seemed more appropriate.  

























Fred L Brandine L 
 
Heath R Marie L 
 
Joey L Piper R 
 
Kujo L Sam L 
 






   
 
Note.  L = left-handed; R = right-handed. 
 
Sociality, Sex, and Handedness 
 There was no effect of handedness on either approach, t(9)= -.53, p = .61, or 
allogrooming, t(9) = -.44, p = .67.  Furthermore, there was no effect of handedness on 
total agonistic behaviors displayed, t(9) = .59, p = .57. 
 There were significant effects of sex on both allogrooming, t(9) = 2.36, p = .04 
(see Figure 3), and approach, t(9) = 2.76, p = .02 (see Figure 4).  Males groomed females 
(MM = 346.65 occ./trial ± SE 77.03) significantly more frequently than vice-versa (MF = 
120.16 ± 48.73; MD = 226.49).  Similarly, males approached females (MM = 23.97 
appr./trial ± 2.26) significantly more frequently than vice-versa (MF = 11.84 ± 4.01; MD = 
12.13).  However, there were no sex effects for total displayed agonistic behaviors, t(9) = 








Note.  Left and right designate hand preferences.  Numbers represent averages across all sessions.  Stereotypy occurred in only two 
subjects. 




























































































































Figure 3.  Allogrooming by sex.  Figure depicts the effect of sex on allogrooming, t(9) = 
2.36, p = .04. 
 
 
Figure 4.  Approach by sex.  Figure depicts the effect of sex on frequency of approach, 
t(9) = 2.76, p = .02. 
 
Tympanic Membrane Temperature 
Pilot data.  Analyses of the pilot data indicated a significant main effect of time, 
F(5, 30) = 10.65, p < .001, such that temperature at time 1 was significantly cooler than 
times 3-6, time 2 was significantly cooler than times 3-6, time 3 was significantly cooler 




significant effect of ear, F(1, 6) = 1.39, p = .28.  Moreover, there was no effect of 
reinforcement, F(1, 6) = .03, p = .86 (see Figures 5 and 6).  Age group was a significant 
covariate, F(1, 6) = 19.28, p = .005.  Taken together, these data indicate that TMT 
increases bilaterally with handling time from initial capture and restraint.  Normal resting 
temperatures reported in the bushbaby range from 36.6 °C (Müller & Jaksche, 1980) to 
37 °C (Izard, Heath, Hayes, & Simons, 1991).  However, Müller and Jaksche (1980) 
found that temperatures increase during the subjects’ active period (darkness) to 
approximately 37.7 °C (SE ± 0.3).  To ensure that ear temperatures immediately upon 
capture were not significantly different from normal, the temperature values for time 1 of 
both phases were averaged, M = 37.61 °C (± .13), and were tested against known normal 
values. The mean temperature for the subjects in this study did not differ from those 
reported by Müller and Jaksche (1980), test value = 37.7, t(7) = -.70, p = .51, indicating 
that TMT immediately upon capture is consistent with normal body temperature during 

















Figure 5.  Mean temperature for reinforcement.  The graph represents the mean left and 
right ear temperatures for the reinforcement condition at time-points 1-6 (T1-T6), which 





















Figure 6.  Mean temperature for non-reinforcement.  The graph represents the mean left 
and right ear temperatures for the non-reinforcement condition at time-points 1-6 (T1-
T6), which were measured approximately every two minutes.  N = 8. 
 
 Testing phase.  TMT was recorded on either the subjects’ first or second day of 
testing.  The difference scores were compared to behavioral data from that day. The TMT 
readings are summarized in Table 6 and the behavioral data are summarized in Table 7.  
In examining the relationship between TMT and handedness, no significant effects were 
found for either left ear difference scores (∆Left), t(8) = -.64, p = .54, or right ear 
difference scores (∆Right), t(8) = -.86, p = .42.  Furthermore, no effects of sex were 
found for either the left ear, t(8) = -.52, p = .62, or the right ear, t(8) = -.44, p = .67.   
TMT and Behavior 
 The correlational data are presented in Table 8.  There was a significant positive 
correlation between ∆Left and frequency of approach, r = .67, p = .03 (see Figure 7).  
Moreover, there was a significant positive correlation between ∆Left and duration of 
allogrooming, r = .70, p = .03 (see Figure 8).  There were no significant correlations 
between ∆Left and either performing or displaying grooming, approach, or agonistic 







Tympanic Membrane Temperatures 
 
 
Note.  Temperatures in degrees Celsius. BL= baseline; PS = post-sociality; ΔLeft = left ear difference score (post-sociality – baseline); 


















BL-L PS-L ΔLeft BL-R PS-R ΔRight 
 
Brandine 38.8 38.1 -.7 38.8 38.6 -.2 
 
Fred 38.2 38.7 .5 38.3 38.5 .2 
 
Heath 38.1 37.6 -.5 38.1 38.1 0 
 
Joey 39.1 38.8 -.3 39.1 39.0 -.1 
 
Marie 37.0 37.1 .1 37.0 36.8 -.2 
 
Moonstone 38.3 38.2 -.1 38.4 38.4 0 
 
Piper 38.4 38.5 .1 38.3 38.2 -.1 
 
Sam 39.0 38.9 -.1 38.9 39.2 -.7 
 





















TMT Sociality Data 
 
 
Note.  Numbers represent actual data points for the session in which TMT measurements were obtained.  Stereotypy occurred in only 
two subjects. 

































































































































































*p < .05 
 
 
Figure 7.  Left ear difference scores by frequency of approaches.  Figure depicts the 






Figure 8.  Left ear difference scores by allogrooming.  Figure depicts the relationship 




 The cortisol data are presented in Table 9.  Data are presented as microgram (µg) 
cortisol per deciliter (dl) urine.  Post-sociality urine samples for four of the subjects could 
not be obtained on any of the testing days.  Those subjects are excluded from difference 
score analyses.  Therefore, although baseline cortisol represents 11 animals, cortisol 
difference scores (∆Cortisol) represent seven animals.  The mean baseline cortisol level 
was 74.16 µg/dl (± 8.82) while the mean cortisol post-sociality was 92.44 µg/dl (± 7.06).  
These means were not significantly different, t(6) = -1.24, p = .26.  There were no effects 
of sex, t(5) = -.57, p =  .56, or age, r = .46, p = .30, on ∆Cortisol. 
Cortisol and Behavior 
 There were no significant differences between right and left handed bushbabies 
for ∆Cortisol, t(5) = -1.06, p = .34.  Bushbabies that had a lower cortisol response to 




while in the open field, r = -.81, p = .03 (see Figure 9).  ∆Cortisol was not related to 
allogrooming, r = .57, p = .18, received allogrooming, r = -.21, p = .65, or approach, r = 
.33, p = .47, nor was it associated with agonistic behavior, r = .16, p = .73 or received 
agonism, r = .39, p = .39. 
Cortisol and Tympanic Membrane Temperature 
 Baseline cortisol levels were positively related to both left ear, r = .64, p < .05, 
and right ear baseline TMT, r = .65, p = .04 (see Figure 10).  However, post-sociality 
cortisol was unrelated to TMT for either the left ear, r = -.49, p = .32, or the right ear, r = 
-.42, p = .41.  Moreover, ∆Cortisol was not correlated with TMT difference scores for the 
left ear, r = -.17, p = .75, or the right ear, r = .39, p = .44. 
 
Figure 9.  Cortisol difference scores by times approached.  Figure depicts the negative 
association between the number of times approached and cortisol difference scores, r = -












































Baseline (µg/dl) Post-Sociality (µg/dl) ΔCortisol (µg/dl). 
 
Brandine 73.19 - - 
 
Fred 68.61 81.74 13.13 
 
Heath 31.99 116.40 84.41 
 
Joey 109.65 72.43 -37.22 
 
Kujo 116.77 118.38 1.61 
 
Marie 34.31 89.85 55.54 
 
Moonstone 91.35 93.79 2.44 
 
Piper 108.44 - - 
 
Sam 64.29 74.48 10.19 
 















Figure 10.  Correlations between baseline TMT and cortisol.  Figures display the 
associations between basal cortisol and temperature for each ear. 
 
Novel Objects Paradigm 
 The data for this paradigm are presented in Table 10.  There was no effect of 
handedness on any of the variables of interest (see Table 11).  Analysis of variance 
(ANOVA) revealed effects of age group (adult: 4-10yrs, old adult: 11-17yrs) on sector 
crossings, F(1, 7) = 6.03, p = .04 (see Table 12), indicating that older bushbabies were 
significantly more active (M = 22.00 crossings) than younger bushbabies (M = 8.80 
crossings; see Figure 11).  However, there were no effects of age on any other behaviors.  














































Latency to enter novel side -1.00a 
 















(sec.) (± SE)a 
 
Right handed 
(sec.) (± SE)b 
 
 






Latency to interact with 
novel objects 
10.67 (7.03) 2.20 (1.11) 
 






Time interacting with 
objects 
90.17 (26.78) 78.20 (16.77) 
 


















Time in novel sector  .50 
 









aVariable square-root transformed due to non-normality. 
 
Table 12 








Latency to enter novel side  2.93a 
 
Latency to interact    .02a 
 
Sector crossing   6.03* 
 
Time in novel sector 1.12 
 
Time interacting with objects 1.57 
 
Time engaged in avoidant behavior 
 
  .13 
 
 
aVariable square-root transformed due to non-normality. 





















Latency to enter novel side   .62a 
 
Latency to interact 1.45a 
 
Sector crossing 4.04 
 
Time in novel sector 3.83 
 
Time interacting with objects 3.21 
 





aVariable square-root transformed due to non-normality. 
















Figure 11.  Sector crossing by age group.  Age was dichotomized as adult: (4-10 yrs), old 
adult (11-17 yrs) There was a significant effect of age for sector crossings, F(1, 7) = 6.03, 









The assumption that individuals tend to display characteristic patterns of behavior 
forms the basis for the concepts of personality and temperament.  The behavior patterns 
most often described involve predictable responses to other individuals and to 
environmental circumstances.  Efforts to identify clusters of related behaviors have been 
extended to include physiological markers that may link the observed behaviors to 
underlying biological mechanisms.  In this experiment, we examined potential relations 
between social and exploratory behaviors and corresponding measures of laterality, 
cortisol levels, and TMT. 
The relation of cortisol levels to arousing situations has been extensively 
documented (Kalin et al., 1998; Mazzotti & Boere, 2009; Smith, McGreer-Whitworth, & 
French, 1998; Watson et al., 2005).  Specific patterns of behavioral response to novel and 
social situations are reliably associated with particular patterns of cortisol secretion 
(Laudenslager, Jorgensen, Grzywa, & Fairbanks, in press; Virgin & Sapolsky, 1997; 
Westergaard et al., 2003).  Measures of hemispheric laterality are used to examine the 
extent to which various types of information are processed asymmetrically (Rogers, 
2007).  The putative cerebral asymmetry in the processing of specific environmental 
stimuli has been investigated in a variety of species with a variety of stimuli (for review, 
see Gordon & Rogers, 2010).  Furthermore, the possible relation between TMT and 
behavior is based on the assumption that increased activity in one hemisphere would lead 




In an effort to clarify the relations between characteristic behavior patterns and 
associated physiological markers, we examined response to novel objects and to 
opposite-sex conspecifics, along with measuring urinary cortisol, handedness (a surrogate 
for hemispheric asymmetry) and TMT.  We found associations between TMT, cortisol, 
and social behavior which may point to a specific pattern of asymmetric processing of 
emotion in the brain. 
We predicted (H2a) bushbabies with lower difference scores for the left ear would 
engage in more prosocial behavior (both offered and received) than their counterparts 
with more stable ear temperatures.  However, we detected a positive, not negative, 
relationship between ear temperature changes and affiliative behavior.  In particular, 
those with left ear temperature increases were more likely than their conspecifics to 
approach and/or groom their partner in the open field.  It may be noteworthy, though, that 
these same bushbabies were not more likely to receive social overtures (i.e., approaches, 
allogrooming).  An association between decreases in left ear temperature and social 
behavior would be consistent with the circulatory mechanisms proposed by Sukstanskii 
and Yablonskiy (2006) and was based on the premise that TMT reflects circulating blood 
which is cooler than the corresponding brain tissue.  Because the left hemisphere is 
associated with the processing of social information and affiliative behavior, the 
ipsilateral relationship between cortical tissue and circulating blood would lead to a 
marked decrease in left ear temperature in social situations.  The more social bushbabies 
in this study, however, had increases, not decreases, in TMT. 
Consistent with previous findings of decreases in right ear TMT in response to 




decrease in right ear TMT in bushbabies that more frequently offered and received 
agonistic behavior.  However, we found that changes in right ear temperature were 
unrelated to both levels of displayed and received agonism.  The inability of our study to 
detect the predicted changes may result from the infrequency of agonistic behaviors.  By 
far, the most commonly occurring behavior in this study was allogrooming.  Agonistic 
behaviors, on the other hand, were generally short-lived and separated by bouts of 
inactivity.  In addition, the agonistic behaviors that did occur were relatively benign.  
Aggressive behavior was seldom reciprocated and rarely deterred future interactions.   
TMT is a relatively recent approach toward understanding the brain-behavior 
relationship.  As is the case with any new methodology, certain ambiguities are currently 
unresolved.  One such ambiguity lies in determining with precision the thermal effects of 
the “cooler” blood on the “warmer” cortical tissue.  Because the bushbabies were in a 
social environment for an hour, we cannot discount the possibility that blood and cortical 
tissue reached a thermal equilibrium.  A second possibility is that our temperature 
measures reflected temperature in the ear canal, rather than tympanic membrane 
temperature.  Cherbuin and Brinkman (2007) suggested that ear canal temperature is 
more sensitive to the heat of brain tissue than to the thermal effects of circulating blood. 
Currently there are limited options regarding size of the tympanic thermometer 
probe.  We utilized the probe frequently used in studies of marmoset monkeys (Tomaz et 
al., 2003) because of their size similarity to bushbabies.  Nevertheless, we must consider 
the possibility that our temperatures reflected ear canal, not tympanic membrane, 
temperature.  Interpreted within such a framework, our results (i.e., increases in left ear 




(Westergaard et al., 2003).  Parr and Hopkins (2000) reported increases in both left and 
right TMT in response to positive and negative stimuli, respectively.  As the 
methodology becomes refined, the relation between ear temperature changes and lateral 
processing will be more thoroughly characterized.  Nevertheless, reliable associations of 
ear temperature change with affiliative and agonistic behaviors provide a foundation 
upon which to clarify. 
Based on the findings of Westergaard et al. (2003), we hypothesized (H1) that 
there would be a significant effect of handedness on prosocial and agonistic behaviors 
such that right-handed individuals would display more prosocial behaviors while left-
handed bushbabies would display more agonistic behaviors.  In the present study, our 
data do not support this hypothesis.  However, it is noteworthy that sex differences 
emerged in both allogrooming and approach behaviors.  As allogrooming was the most 
commonly displayed behavior, it is possible that males’ courtship attempts may have 
masked any differences in handedness that might have otherwise been observable under 
different circumstances (e.g., interactions between two females). 
Data in macaques suggest that left-handedness is associated with increased 
cortisol reactivity to stress (M. mulatta; Westergaard et al., 2001; C. apella; Westergaard, 
Byrne & Suomi, 2000).  Thus, we predicted (H3) that higher levels of cortisol would be 
associated with higher rates of agonistic behaviors and left-handedness.  Our hypothesis 
was not fully supported.  The cortisol-behavior link, though well-documented (Virgin & 
Sapolsky, 1997; Westergaard et al., 2003), has traditionally been of a precarious nature.  
Thus, our results demonstrate that cortisol decreases in recipients of affiliative behaviors 




displays of agonistic behaviors.  As the presence of a conspecific during exposure to 
novel (C. kuhlii; Smith et al., 1998) and stressful (O. garnettii; Watson et al., 2005) 
environments may serve to buffer the deleterious effects of the stressor, we suggest that 
engagement in affiliative interactions in the open field may have similarly served as a 
stress buffer in the bushbabies.   
Westergaard et al. (2003) reported the association of left-handedness in macaques 
with several factors that may be deemed stressful.  For example, left-handed macaques 
are more likely to be the recipient of violent attack by conspecifics, spend more time in 
social isolation, and are more likely to have impaired HPA functioning.  Given that such 
stressful situations are typically related to increased cortisol, (Kalin et al., 1998; Virgin & 
Sapolsky, 1997), we predicted (H4) that cortisol reactivity would be higher in left-handed 
bushbabies.  However, handedness did not distinguish between bushbabies on measures 
of cortisol reactivity.  Our results also did not support a hypothesis of right-ear TMT 
decrease and cortisol increase (H5).  These hypotheses (H4 and H5) were limited by the 
inability to obtain post-sociality urine samples from four of the subjects.  Another factor 
that may have interfered with our findings is the potential for bushbabies with higher 
baseline cortisol to show a blunted response due to a prior history of chronic stress 
(Virgin & Sapolsky, 1997).  Finally, it is important to acknowledge the complicated 
relation among cortisol secretion patterns, environmental factors, and individual 
characteristics.  Chronically stressed subordinate baboons have high basal cortisol with 
muted response whereas dominant, behaviorally astute baboons have low baseline 




The association between stress and TMT was uncovered during the pilot phase of 
TMT readings, which indicated that TMT increases bilaterally with handling time.  It is 
possible that this increase in TMT is due to the buildup of stress from handling, which is 
supported by the findings that cortisol is correlated with TMT.  As opposed to the cooling 
that occurs in the brain due to local blood flow increase, an increase in body temperature 
may have occurred due to prolonged arousal, resulting in an increase in arterial blood 
temperature thereby increasing global brain temperature (Sukstanskii & Yablonskiy, 
2006). 
Right-handedness in chimpanzees and marmosets (Braccini & Caine, 2009; 
Cameron & Rogers, 1999; Hopkins & Bennett, 1994; Rogers, 1999) has been related to 
faster approach and greater duration of interaction with novel objects.  However, among 
bushbabies, handedness was not related to interaction with novel objects (H6).  
Interaction with novel objects may be related to characteristics of the individual such as 
dominance status (Drea, 1998), temperament (Fairbanks, 2001; Santillán-Doherty et al., 
2010), and early life experience (Suomi, 1991), but examination of these variables 
exceeded the scope of this study.  In the present study, the only identifiable effect was 
that of age on activity level, with older bushbabies having significantly more sector 
crossings than younger bushbabies.   
TMT as an Indicator of Hemispheric Specialization 
 Use of TMT as a measure of hemispheric specialization has substantial 
advantages, but there are potential drawbacks as well.  The advantages are largely in its 
practical utility.  It is a non-invasive technique, fairly easy to obtain, with no discernable 




relatively recent innovation, it is unclear whether increases or decreases in temperature 
are to be expected from increased hemispheric activity.  For example, whereas the 
cortical tissue itself may be warmer due to recent activity, TMT may reflect the cooler 
temperature of the blood flow that is related to increased activation (Sukstanskii & 
Yablonskiy, 2006).  In addition, it is not always certain whether the measure reflects the 
temperature of the actual tympanic membrane as opposed to temperature of the ear canal 
(Cherbuin & Brinkman, 2007).  Thus, at this juncture, it may be more meaningful to 
examine temperature changes in general than to focus on specific directional changes. 
In the current study, there were several important findings uncovered by the use 
of TMT.  First, left-ear TMT was related to the number of times an animal approached 
and groomed a conspecific.  TMT also correlated with baseline cortisol values and may 
be part of a set of physiological markers that reliably predict identifiable patterns of 
behavior.   
 Although not examined in this study, TMT may also be useful in studies of 
cognition (Cherbuin & Brinkman, 2004).  During lateralized cognitive tasks, tympanic 
membrane thermometry reliably demonstrates changes in TMT associated with activation 
of the expected hemisphere.  In chimpanzees (P. troglodytes), performance of different 
cognitive tasks were related to particular changes in lateralized TMT (Hopkins & Fowler, 
1998).  Specifically, matching-to-sample and visual-spatial discrimination tasks elicited 
increases in right-ear TMT and decreases in left-ear TMT.  Finally, differences in TMT 
may be indicative of temperament traits as well (Boyce et al., 2002; Helton, 2010).   
While Parr and Hopkins (2000) found increases in left and right ear TMT in 




Boere, 2009; Tomaz et al., 2003) found decreases in right ear TMT in cats and marmosets 
in response to stress.  Some experts posit that whether to expect increases or decreases in 
TMT varies as a function of species size and physiology, and this distinction may be 
especially difficult to make in smaller animals (Sukstanskii & Yablonskiy, 2006). 
Davidson vs. Right Hemisphere Hypothesis 
 Overall, our results suggest that prosocial behaviors are related to changes in left 
ear TMT, which is consistent with Davidson’s (1992) theory that the left hemisphere 
processes approach behavior and the right hemisphere processes avoidance.  The finding 
that increased left ear temperature was associated with the increased grooming of, and 
approaching, conspecifics is consistent with the idea that the left hemisphere is dominant 
in the processing of positive emotion and behavior.  However, the expected relationships 
between agonistic behaviors and right ear temperature changes were less clear.  
Moreover, the effects of handedness found in other studies (Braccini & Caine, 2009; 
Cameron & Rogers, 1999; Gordon & Rogers, 2010; Hopkins & Bennett, 1994; Rogers, 
1999) that supported Davidson’s (1992) hypothesis were not found in the present study. 
 Using measures of handedness and TMT, the present study found no evidence for 
the hypothesis that the right hemisphere is dominant in the processing of all emotions 
regardless of affective content (Borod et al., 1997).  In fact, the majority of the findings 
implicated the left ear in the display of prosocial behavior.  Thus, it would appear from 
the present study that Davidson’s hypothesis better characterizes the processing of 







 A careful review of the current study revealed considerations that could 
strengthen the outcome of future research. The primary limitation of this experiment was 
the sample size.  Studies of exotic animals are, unfortunately, limited by availability and 
all available, appropriate bushbabies were included.  Bushbabies were excluded only if 
they were pregnant, lactating, or had a physical deformity that precluded their ability to 
perform required tasks.   
As practical constraints prohibited us from obtaining blood for cortisol analysis, 
we were forced to rely on urine sampling. In doing so, we encountered some unexpected 
difficulties, as the bushbabies did not always urinate both before and after the social 
interaction phase.  The window of time in which to obtain a valid urine sample following 
the social interaction trial was too small given that the bushbaby had urinated no more 
than two hours earlier.  Consequently, three of the seven subjects that yielded both 
samples did not do so on the first test day.  This affords the possibility of either 
habituation or sensitization effects resulting from previous exposure to the open field 
and/or to the presence of a conspecific. However, this is not likely to have influenced 
results for two reasons.  First, no systematic differences were noted in either behavioral 
results or cortisol levels.  Secondly, the animals were responding to conspecifics placed 
in the open field with them, not the open field itself.  The “partners” were changed every 
day; therefore, each day’s experience was novel. 
Finally, the possibility cannot be discounted that the observed increases in ear 
temperature were the result of measuring the temperature of the ear canal rather than the 




in blood flow, the ear canal is more affected by changes in the temperature surrounding it 
(i.e., cranial tissue; Cherbuin & Brinkman, 2007).  Thus, the temperature of the ear canal 
would increase as a result of brain temperature increasing.  This scenario could occur if 
the thermometer probe being used was too big to be inserted fully into the subject’s ear 
canal.  We do not believe this to be the case, however, as the thermometer used in the 
present study is the same model used in marmosets (Tomaz et al., 2003), which are of 
comparable size to bushbabies.  More likely is the possibility that an hour of social 
interaction was sufficient for a thermal equilibrium to be reached between brain tissue 
and blood. 
Conclusion 
 The propensity for an individual to display characteristic patterns of approach-
avoidance behavior in response to stimuli in its environment provides an important 
foundation for characterizing temperament.  Much of the research on individual 
differences to date is aimed toward linking temperament to underlying physiological 
structures and processes.  Indeed, one specific goal of this study was to examine the role 
of hemispheric specialization in the approach-avoidance behavior of a prosimian primate, 
O. garnettii.  Specifically, Davidson’s (1992) hypothesis was tested that the left 
hemisphere processes positive emotions and behavior and the right processes negative 
emotions and behavior was tested.  As handedness may reflect the individual’s 
predominant use of one hemisphere over the other (Rogers, 2009), we hypothesized that 
right-handed bushbabies (left hemisphere dominant) would show more approach-related 
behaviors and left-handed bushbabies (right hemisphere dominant) would show more 




of the brain, we employed TMT as a gauge by which to measure hemispheric response to 
social interactions.  We expected that TMT for the left and right hemispheres would be 
related to approach and avoidant behaviors, respectively.  Finally, as certain behavioral 
styles can be linked to specific patterns of hormonal activity (e.g., cortisol secretion; 
Byrne & Suomi, 2002) we examined cortisol reactivity in response to social interaction.  
Because cortisol secretion is influenced by factors such as sociability (Westergaard et al., 
2003), we predicted that it would be higher in left-handed individuals and individuals 
showing more avoidant behavior.  Overall, the data from the sociality phase provide 
partial support for Davidson’s (1992) model of emotional processing.  Our data suggest 
that the left hemisphere is involved in processing of prosocial behaviors, as increases in 
TMT were associated with increased allogrooming and approaching conspecifics.  
Furthermore, decreases in cortisol were observed in response to affiliative approach.   
In addition to the sociality phase, we tested approach-avoidance behavior in a 
non-social setting using a novel objects paradigm.  In line with Davidson’s hypothesis, 
we predicted that right-handed bushbabies would be more responsive to novelty and left-
handed bushbabies more avoidant.  Neither handedness, nor TMT, nor cortisol predicted 
subjects’ responses to novelty.   
A number of variables other than laterality, such as serotonin functioning 
(Kinnally et al., 2006), early life experience (Suomi, 1991), dominance status (Drea, 
1998), and temperament (Santillán-Doherty et al., 2010) may serve as indicators of 
approach-avoidance tendencies in primates.  In this study, however, handedness, age, and 
sex were all found to be unrelated to the propensity to approach novel objects.  As there 




hemisphere hypothesis (Borod et al., 1997) correctly characterizes how behavior and 
emotion is processed in the brain (Killgore & Yurgelun-Todd, 2007), this study adds to 
the existing literature as the first to directly test such hypotheses in a prosimian primate.  
Moreover, this is the first study to examine the use of TMT as a measure of laterality in 
bushbabies.  Finally, the results of this study underscore the importance of reconciling the 
differences between the right hemisphere hypothesis and Davidson’s hypothesis, as 


























INSTRUCTIONS FOR CODING – SOCIALITY PARADIGM 
 
A. Agonistic Behaviors 
 
 These behaviors include attack, fight, pursuit, foot-rubbing, displacement and 
threat, and should be coded by frequency of occurrence. 
 
1) Pursuit 
 A pursuit involves the chasing or rapid following of one bushbaby by the other as 
the pursued subject moves about the open-field for a minimum of 3 sec.  It ends in 
an attack, threat, or a fight. 
o Coders should recorder the time of initiation, the initiator, and the 
recipient. 
o A minimum of 3 sec. should separate each pursuit, with a pursuit ending 
in an attack, threat, or fight occurs. 
 
2) Attack 
 A behavior should be scored as an attack if one bushbaby lunges at, swats, or 
jumps on another bushbaby, and the recipient does not retaliate. 
o Coders should recorder the time of initiation and the initiator. 
o An attack ends when there is a break in attack behavior for at least 3 sec. 
o A minimum of 3 sec. should separate each attack instance. 
 
3) Fight 
 These include the same behaviors listed as in the attack, but the other bushbaby 
reciprocates the aggression.  
o If the initiator of the fight cannot be determined, the coder should write 
“ND” for “Not Determined.” 
 An act of aggression may not be considered both an attack and a fight.  If there is 
any physical reciprocation within 3 sec. of the attack, it should be considered a 
fight. 
o Coders should recorder the time of initiation and the initiator. 
o A fight ends when there is a break in physical contact for at least 3 sec. 
o A minimum of 3 sec. should separate each fight. 
 
4) Foot-rubbing 
 Foot-rubbing is to be considered a distinct form of aggression when it occurs in 
the absence of an attack or a fight (i.e., it does not occur within 3 sec. of an attack 
or fight).   
 It may also be recorded when it occurs prior to a fight or attack, or, at the end of a 
pursuit if the pursuit halts after the occurrence of foot-rubbing. 
 A bout of foot-rubbing in this context involves the scraping of the foot on the 
floor of the open-field while the foot-rubbing subject is facing the conspecific. 




o A minimum of 3 sec. should separate each bout of foot-rubbing. 
 
      5) Threat 
 A threat posture is characterized by an upright, bipedal posture in which the 
threatening bushbaby has both hands in the air, facing the conspecific. 
 A threat should not be recorded if, within 3 sec. of its initiation, it is followed by 
an attack or fight. 
o Coders should record the time of initiation and the subject displaying the 
threat. 
o A minimum of 3 sec. should separate each threat instance. 
 
      6) Displacement 
 A displacement occurs when a subject moves a body-length away from its resting 
position within 3 sec. of a conspecific coming within one body-length of the 
displaced subject.   
 This should not be recorded if it occurs in the context of an attack, fight, or 
pursuit. 
o Coders should record the subject being displaced and the time at which the 
displacement occurred. 
o The displaced subject must be stationary at the time the displacing 
bushbaby comes within one body-length. 
 
B. Prosocial Behaviors 
 
 These behaviors include approach, allogroom, play, and reciprocated groom.  
Approach should be coded by frequency and the others by duration. 
 
1) Approach 
 An approach is the movement of one bushbaby within one body-length of the 
conspecific. 
 An approach must only be recorded if it is not followed by an attack or a fight 
within 3 sec. of moving within a body-length of the approached individual. 
 The approach must not result in the displacement of the approached bushbaby, 
nor may it result in the pursuit of the approached animal. 
 Approaches should be recorded even if they result in foot-rubbing, allogrooming, 
play, or reciprocated grooming. 
 A behavior should not be recorded as an approach if it occurs in the context of 
stereotypy. 
 
      2) Allogrooming 
 Allogrooming is the grooming (licking) of the partner that is not reciprocated 
during, or within 3 sec. of the end of the groom. 
 A minimum of 3 sec. should separate the each bout of allogrooming. 
o Coders should record the groomer, time of initiation, and time of 





3) Reciprocated Grooming 
 This behavior includes the licking of the partner that is reciprocated by the partner 
either while being groomed, or, no more than 3 sec. after the initial groomer has 
ceased grooming. 
o Coders should recorder the time of initiation by each subject and the time 
at which the grooming stopped for each subject. 




 This includes behaviors such as wrestling, characterized by mutual arm or body 
contact without vocalizations or foot-rubbing. 
 In order for a behavior to be considered play, one bushbaby must not move more 
than a body-length away from the conspecific within 3 sec. of play terminating. 
o These behaviors must not be followed by an attack, pursuit, or fight within 
3 sec. of it ending in order to be considered play. 
 
C. Stereotypic Behavior 
 
1) Stereotypy 
 Stereotypy is characterized by repetitive side-to-side shifting, back-and-forth 
pacing, or whole-body turning. 
o The coder should record the subject, the beginning time of the bout as well 
as the ending time. A bout of stereotypy must last a minimum of 1 sec. 
















INSTRUCTIONS FOR CODING – NOVEL OBJECTS PARADIGM 
 
A. Latency to Leave Start Box 
 The coder should mark the time at which the guillotine door is raised.  
o The bushbaby has no more than 30 sec. to leave the start box from the 
time that the door is raised. 
o The coder should mark the time at which the subject’s entire body 
(exclusive of the tail) is outside of the start box. 
 
B. Latency to Cross the Quarter-Line 
 The coder should record the time at which the bushbaby first crosses the quarter 
line. 
o The entire torso should be across the line before latency is recorded. 
 
C. Latency to Interact with Novel Object 
 
 The coder should mark the time at which the bushbaby first interact with a novel 
object (and should indicate the object with which the bushbaby interacts) 
o See Section D for instructions about coding interactions. 
 
D. Interaction/Investigation of Novel Objects. 
 
 The coder should mark the exact time that the subject begins an interaction with a 
novel object, as well as the time at which the interaction ceases. 
o Specify the object of investigation/interaction. 
 
1) Plasma ball, glowing ball, mirror with bell, fountain. 
 An interaction should be recorded when the subject touches the object, or, 
visually examines the object with its nose within one body-length from the object. 
o Other possible behaviors associated with this ball include threat posture 
or attack.  These behaviors should be coded if they occur. 
 
2) Television 
 An interaction with this object should be recorded when the subject makes eye-
contact with the television monitor and is within two body-lengths of the viewing 
window. 
o Other possible behaviors associated with this ball include threat posture or 
lunge/attack.  These behaviors should be coded if they occur. 
 
E. Stereotypy 





o The coder should record the beginning time of the bout as well as the 
ending time. A bout of stereotypy must last a minimum of 1 sec. with no 
less than 3 sec. separating each bout. 
 
F. Scent-marking 
 Behaviors that are characteristic of scent-marking include foot-rubbing, body-
rubbing, ano-genital rubbing (scooting), and urine-washing.  
o The coder should record the beginning time of the bout as well as the 
ending time.  
 Specify whether the scent-marking bout begins behind the quarter-
line or past the quarter-line (in the section containing the novel 
objects). 
o A bout of scent-marking must last a minimum of 1 sec. with no less than 3 
sec. separating each bout. 
 
G. Sector-crossings 
 The coder should keep track of which sector the bushbaby occupies.  For the 
bushbaby to be considered in the sector with the novel objects, its entire torso 
must be past the quarter-line. 
o This may be done by recording the time of sector-crossings (the crossing 
of the entire torso into the opposite sector). 




 Vertical jumps or leaps should be recorded when the subject has all four feet off 
of the ground. 







































































































































































































































































Figure C1.  Behavioral composites for Brandine, Fred, Heath, and Joey.  Title shows 
subjects’ sex and hand preference.  Measures for approach, received approach, agonistic, 
and received agonistic are in occurrences/trial; allogrooming, received allogrooming, and 
time interacting with novel objects are in seconds/trial.  Solid bars depict variables 























































































































































































































































Figure C2.  Behavioral composites for Kujo, Marie, Moonstone, and Piper. Title shows 
subjects’ sex and hand preference.  Measures for approach, received approach, agonistic, 
and received agonistic are in occurrences/trial; allogrooming, received allogrooming, and 
time interacting with novel objects are in seconds/trial. Solid bars depict variables 

































































































































































































Figure C3.  Behavioral composites for Sam, Simon, and Sybil.  Title shows subjects’ sex 
and hand preference.  Measures for approach, received approach, agonistic, and received 
agonistic are in occurrences/trial; allogrooming, received allogrooming, and time 
interacting with novel objects are in seconds/trial.  Solid bars depict variables measured 
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